Random amplified polymorphic DNA (RAPD) markers were investigated as a tool for estimating genetic diversity within 33 species of Banksia and three species of Diyandra. Three primers were used on DNA from 10 seeds per species, and band data were pooled to give between 52 and 89 bands per species, most of which were polymorphic. Genetic diversity was calculated using six published metrics on three species, for which allozyme data were also available. Based on between-method consistency, three metrics were chosen for analysis of the full data set. Levels of genetic diversity in Banksia and Diyandra ranged from 0.59 to 0.90. Based on this information, a detailed study was conducted on all 10 known populations of B. cuneata, a rare and endangered species, with a restricted geographical distribution in south-western Australia. Estimates of genetic diversity ranged from 0.65 to 0.74, which is high for a rare and endangered species. Analysis of molecular variance (AM0vA) was used to partition RAPD variation within and between populations. Nearly all of the variation was attributable to individuals within populations, indicating a lack of population divergence. It is suggested that the combination of bird pollination and high outcrossing rates in B. cuneata maintain genetic diversity and cohesion between the populations.
Introduction
Scientific approaches to the conservation and exploitation of plant genetic resources require a detailed knowledge of the amount and distribution of genetic diversity within a species. Allozymes have been used in Banksia to estimate genetic diversity and high levels have been reported, amongst the highest recorded for plants (Scott, 1980; Schemske & Lande, 1985; Carthew et al., 1988; Coates & SokoIowski, 1992) . More recently many workers have moved to DNA markers such as RAPDs, which have been useful for population genetic studies in a number of genera (Chalmers et a!., 1992; Huff et a!., 1993) . It has also been suggested that RAPDs may be an appropriate technique to monitor diversity in plant populations (Anderson & Fairbanks, 1990;  suggested that an ecological barrier to pollinator movement may be responsible for the restriction of between-group gene flow.
This study investigated levels of genetic diversity within species of Banksia and Diyandra using RAPDs, and evaluated six methods of data analysis. Based on this information, a detailed study determining patterns of genetic variation within and between all known populations of B. cuneata was conducted. Ten populations were included in this study, four of which had not been previously investigated.
Materials and methods

Plant material
Seeds of 33 species of Banksia and three species of Diyandra collected from natural populations were obtained from a commercial seed source (Nindethana Seed Service, WA). Seeds represent bulk collections from single or multiple sites of wild populations. The species chosen represented the two sister genera Banksia and D,yandra, and two subgenera, two sections and 13 series within the genus Banksia (George, 1981 (George, , 1988  DNA was subjected to gel electrophoresis on 1.6 per cent agarose gels in TBE buffer (Sambrook et a!., 1989) (Sambrook et al., 1989) . A negative control was added in each run to test for contamination. In order to test reproducibility, the selected primers were tested three times on the same sample, for a random subset of three DNA samples. To aid interpretation of band identity between gels, each contained a standard DNA sample and pGEM DNA marker. Gels were stained with ethidium bromide and fragment patterns were photographed under UV light with Polaroid 667 film. Polaroid photographs were scanned using a transmission scanner (Hewlett Packard Scanjet IIcxJT) . The intensity and molecular weight of each visible band was determined using the software CREAM (Kem-En-Tec Software Systems, Blue Sky Scientific). Based on the faintest visible band of the molecular weight marker (pGEM) a minimum intensity threshold was established. Bands with an intensity greater than the minimum threshold were scored as present.
Sixty primers were evaluated for their suitability in a pilot survey (series OPA, OPB and OPC, Operon Technologies). Three primers were selected for the initial study of genetic diversity in 33 species of Banksia and three species of Diyandra. The primers OPA-20 (GTTGCGATCC), OPB-03 (CATCC-CCTG) and OPB-04 (GGACTGGAGT) gave reproducible and informative markers. Five primers were selected for the detailed study on B. cuneata, OPA-1, OPA-4, OPA-9, OPA-li and OPA-16 (Table 3) . Band fragments included in the final analysis ranged between 2.5 kb and 100 bp in length (Fig. 2) , were scored as present (1) or absent (0) for (1992); (6) (n11 +n00)/(n11 +2(n10+n01) +noo) from Rodgers & Tanimoto (1960) . Distance matrices were calculated using the statistical package RAPDISTANCE (Amstrong et at., 1994) .
The mean distance value for each species was taken as an estimate of genetic diversity, and the standard deviation of the mean was calculated for each data set.
Analysis of genetic diversity of B. curieata
Based on the initial analysis of genetic diversity using six published metrics, the method of Nei & Li (1979) and the statistical package RAPDISTANCE (Amstrong et at., 1994) were used for analysis of B.
cuneata data. Analysis of molecular variance (AM0vA; Excoffier et al., 1992 ) was used to estimate variance components attributable to differences within and between populations. Significance levels for variance component estimates were calculated by permutational procedures. The number of permutations for significance testing was set at 100 for all analyses. An unweighted pair group mean average (UPGMA) clustering analysis was carried out using a distance matrix based on the Phi statistic (PhiST)
produced by the AMOVA analysis for between-population distances.
Results
Genetic diversity of Banksia and Dryaridra
Band data for the three selected primers were pooled such that each species had total band numbers ranging from 48 to 89. The number of monomorphic bands was low, with most bands polymorphic (Table 1) . Analysis of RAPD data for three Banksia species with each of the six published statistical methods gave a wide range of estimates of genetic diversity (Table 2 ). The species were chosen on the basis that there were reported estimates of outcrossing rates and genetic diversity based on allozyme electrophoresis data (Scott, 1980; Coates & Sokolowski, 1992) . With high outcrossing rates and animal pollination in these Banksia species high levels of genetic variation are expected within a species, with most variation occurring within rather than between populations. This suggests that the methods of Nei & Li (1979) , Jaccard (1901) and Russell & Rao (1940) are most appropriate and these were subsequently used for analysis of the total data set. The estimates of genetic diversity for all species with the three chosen metrics were high, ranging from 0.59 for Banksia praemorsa, B. menziesii and Diyandra formosa, up to 0.90 for B. lernanniana and B. cuneata (Table 1 ).
Genetic diversity of B. cuneata
The five primers yielded a total of 169 polymorphic bands (Table 3) (Table 4 ). The total number of bands present in each population was similar, with the exception of population 10 with only three individuals, which had only half the number of bands (Table 4 ).
The total genetic diversity for B. cuneata of D = 0.70, calculated by this study, was high for a rare species (Table 5 ). The diversity within each population ranged from 0.65 (population 10) to 0.74 (population 2), with greatest genetic diversity estimates in the larger populations (2, 3, 4) compared to the smaller populations (7, 8, 10) . AMOVA analysis (Table 6 ) attributed nearly all of the variation to individuals within populations. Analysis between populations showed a small negative variance component, indicating lack of population structure, Table 2 Genetic diversity of three species of Banksia calculated from RAPD data using six different methods
RAPD analysis Species
Nei & Li (1979) Jaccard (1901) Russell & Rao (1940) Apostol et a!.
Excoffier et a!.
Rodgers & Tanimoto with some plants being more related between populations than within. That there was no distinction between populations of B. cuneata was reflected by the absence of fixed differences between populations in RAPD markers. UPGMA clustering with low levels of genetic diversity between populations, reflected the lack of genetic differentiation between the 10
populations.
Discussion
This study shows that by using RAPDs the 33 species of Banksia and the three species of D,yandra tested have high levels of estimated genetic diversity. The levels of expected genetic diversity in B. cuneata populations are in agreement with results from enzyme electrophoresis (Coates & Sokolowski, 1992) which estimated outcrossing rates ranging from 0.67-0.95, with low levels of selfing. Genetic diversity using RAPDs is high for a geographically restricted rare and endangered species. The 10 populations of Banksia cuneata show only slight differences in the levels of genetic diversity. Populations 1, 6, 7 and 10 occur in highly disturbed roadside vegetation, populations 3, 4, 8 and 9 show low levels of disturbance, whereas populations 2 and 5 have virtually untouched vegetation. Population 10 was a highly disturbed small population of only three individuals, and showed the lowest diversity of 0.65. The larger populations with low levels of disruption had the highest diversity estimates ranging from 0.71 to 0.74.
The lack of population differentiation in Banksia cuneata using RAPDs contrasts with evidence of population structure using allozymes (Coates & Sokolowski, 1992) . Their study using six populations and six polymorphic loci found significant differentiation of populations into east and west groups, with a salt river system acting as an ecological barrier to pollinator movement. The westerly populations were reported to be heterogeneous, and some populations which were geographically close were more related to distant populations. In the eastern populations, gene flow was reported to be relatively high, suggesting that birds as pollinators (Ayre & Whelan, 1989) were effective in maintaining genetic cohesion and diversity. Birds are able to travel considerable distances, and associated with areas of B. cuneata is a rich and diverse vegetation system for bird foraging and nesting. Since clearing about 50-60 years ago, there has been no significant genetic differentiation between the populations, although population sizes have been reduced. It is possible that after clearing the populations are still visited by pollinators because of surrounding vegetation, which supports the bird population. It is also possible that Gower (1985) . Some of the metrics are related by simple monotonic functions and the distances they produce are linearly or curvilinearly related. Thus the metrics of Nei & Li (1979) and Jaccard (1901) form one group, and Rodgers & Tanimoto (1960) , Excoffier et al. (1992) and Apostol et al. (1993) form another, with the metric of Russell & Rao (1940) producing distances that are poorly related to those produced by any of the others. Our results are consistent with Gower's (1985) expectations, and suggest that the Nei & Li (1979), Jaccard (1901) or Russell & Rao (1940) methods are the most appropriate for RAPD data sets. AMOVA is not strictly rigorous with non-Euclidean metrics, but as Excoffier et al. (1992) point out, the metric of Nei & Li (1979) differs only in the choice of denominator and the metric is nearly interchangeable with the Euclidean metric. Table 5 Genetic diversity of 10 populations of Banksia cuneata calculated using the similarity (F) metric of Nei & Li (1979) The AMOVA method, designed for other molecular data, has recently been used to analyse RAPD data for buffalo grass (Huff et al., 1993) , Eucalyptus (Nesbitt et a!., 1995) and Grevillea (Rossetto et al., 1995) .
It is important for future conservation and persistence of B. cuneata and other rare species that the remaining populations are protected. Even though they have reasonably high levels of diversity, this study shows that genetic diversity may decline in very small populations, such as population 10 with only three individuals. Pollinator maintenance is essential for plant genetic diversity, and reserves which have other coexisting vegetation to support pollinators must also be protected. The distribution of these reserves, to allow gene flow between populations, is important for the survival of B. cuneata, as well as maintaining genetic diversity in other plant species.
analysis. Computer program distributed by the Australian National University. http://life.anu.edu.au/MolecularlSoftware/rapd.html. 
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